ABSTRACT: Myocardial hypertrophy (MH) due to cardiac pathology is characterized by an increase in QT interval duration and dispersion, while the findings for exercise-induced myocardial hypertrophy are contradictory. The majority of published research findings have not explored this relationship, but there have only been a few conducted studies using 24-hour ECG monitoring. The aim of the study was to determine the QT interval duration and dispersion in short-term and 24-hour ECG in endurance athletes with myocardial hypertrophy and without it. Methods: A total of 26 well-trained rowers underwent a resting 12-lead ECG, 24-hour ECG monitoring and echocardiography. Results: Athletes with MH (n = 7) at rest did not show any increase in QTc interval duration and dispersion, or mean and maximal QTc duration in Holter monitoring compared to athletes without MH (n = 19). Left ventricular mass was not significantly correlated with any QTc characteristics. Furthermore, athletes with MH had significantly longer mean QT (P = 0.01) and maximal QT (P = 0.018) intervals in Holter monitoring and higher 24-hour heart rate variability indexes due to stronger vagal effects. Conclusions: The present study demonstrated that athlete's heart syndrome with myocardial hypertrophy as a benign phenomenon does not lead to an increase in QTс interval duration, or increases in maximal and mean duration in a 24-hour ECG. An increase in QT interval duration in athletes may have an autonomic nature. The aim of the present study was to determine the QT interval duration and dispersion in short-term and 24-hour ECG in endurance athletes with MH and without it.
INTRODUCTION
Regular exercise may lead to functional and structural adaptations that improve cardiac function. The increase in ventricular wall thickness before reaching the level of hypertrophic cardiomyopathy or a "gray zone" is considered to be a benign physiological phenomenon, also known as "athlete's heart syndrome". The prevalence of myocardial hypertrophy (MH) in athletes differs depending on age, gender, ethnicity, type of sport and the extent and intensity of training [11, 22] . The relationship between MH and the electrophysiology of the myocardium differs between physiological and pathological variants. For instance, MH in hypertrophic cardiomyopathy or essential arterial hypertension is characterized by a long QT interval and increases in QT dispersion [14] , while the findings for exerciseinduced MH are contradictory. The majority of published research findings have not explored this relationship [8, 17, 18, 27] , and few studies have supported this observation [16, 24] .
QT interval prolongation is vitally important, as it is an independent risk factor of ventricular tachycardia and sudden cardiac death . The duration and dispersion of QT and QTc were measured accurately using sportspecific recommendations for interpretation [13] . Mean, maximum and minimum duration of QT and QTc intervals in a 12-lead 24-hour ECG were measured automatically after manual exclusion of nonsinus events, noise, intermittent data and similar conditions typical of Holter recordings [5] .
Echocardiography was performed in an integrated M-mode and two-dimensional study to determine septal wall thickness, posterior wall thickness, left ventricular (LV) end-diastolic diameter and LV end-systolic diameter, consistent with the recommendations of the American Society of Echocardiography [6] . Overlying trabeculations were excluded in the ventricular septum or posterior wall measurements, to avoid overestimating wall thickness. The LV mass was calculated using the formula of Devereux [7] . Measurements were quoted with body surface area calculated using the formula of Dubois The 24-hour heart rate variability (HRV) was studied using the following indexes: SDNN (standard deviation of all NN intervals) -total power of HRV, pNN50% (percentage of differences between adjacent NN intervals that are greater than 50 ms) and rMSSD (root mean square of the successive differences) -short-term components of HRV, SDNNidx (standard deviation of the average of NN intervals in all 5-minute segments of a 24-h recording) -long-term components of HRV [25] .
All analyses were conducted using SPSS for Windows version 20
software. Results are presented as mean ± SD. Categorical variables were compared by using the Mann-Whitney U-test, for continuous variables, while the difference between the two groups was assessed using an unpaired t-test. Correlations were calculated by Pearson and Spearman's rank correlation coefficient. A P value < 0.05 was considered statistically significant.
RESULTS
Echocardiographic surveys showed significantly lower ejection fraction and shortening fraction (within normal limits) in LVH Group (P = 0.031 and P = 0.001, respectively) in comparison with NVMM Group. Other values were not significantly different between the two groups ( Table 1) .
The duration and dispersion of QT and QTc intervals at rest were not significantly greater in LVH Group (P = 0.13 and P = 0.77, respectively). These values were within normal limits among all athletes ( Table 2 ). In correlation analysis of the data, QT and QTc did not significantly correlate with LV mass and LV mass index. Furthermore, we also observed a positive relationship between ∆QT and ∆QTc at rest and aortic root diameter (r = 0.54, r = 0.52, respectively, P < 0.05).
Moderate positive relationships were revealed between QT characteristics observed at rest and during Holter monitoring. The QT interval duration of ECG correlated with mean QT duration during waking periods (r = 0.75, P < 0.01) and over 24-hour periods (r = 0.66, P < 0.05); the correlations for QTc interval were r = 0.56 and r = 0.48, respectively (P < 0.05). However, QT and QTc at rest did not significantly correlate with sleep period QT and QTc characteristics. 
FIG. 1. 24-HOUR HRV INDEXES IN TWO GROUPS OF ATHLETES.
Note: LVH -left ventricular hypertrophy; NVMM -normal ventricular myocardial mass; *P < 0.05, statistically significant differences between two groups.
In evaluating the mean, minimal and maximal duration of QTc interval during sleep, while awake and over 24-hour periods, no significant differences between LVH Group and NVMM Group were revealed (Table 3 ). In contrast, mean duration of QT interval of the same ECG monitoring periods was significantly longer in LVH Group (Table 3) . Moreover, LVH Group athletes had significantly longer maximal QT intervals (P = 0.02), while minimal QT was not significantly different. Mean and maximal QT and maximal QTc durations positively correlated with LV mass and LV mass index (Table 4 ). with SDNN (r = 0.64, P < 0.05). Furthermore, ∆QT и ∆QTc at rest positively correlated with pNN50 and SDNNidx during wake periods, while sleep period HRV indexes did not show any significant relationships (Table 5) .
DISCUSSION
QT and QTc interval duration represents electrical depolarization and repolarization of the left and right ventricles myocardium. Besides QT and QTc interval, the electrical properties of myocardium can be characterized by QT and QTc interval dispersion, which is known to be a marker of myocardial inhomogeneity [29] . Myocardial hypertrophy is a well-known cause of increase in QT interval duration and dispersion [14] . Prolonged QTc is considered to be unrelated to sports and an uncommon ECG phenomenon in athletes [3, 22] . However, the role of exercise-induced MH in QT prolongation is still unclear. showed that the heart rate/QT recovery disturbance, typical for long QT syndromes, was also atypical in athletes. Fifteen highly trained rowers showed quick QTи interval recovery after physical exercise, which was interpreted as a high myocardial fitness marker [21] .
In our study we did not find any relationship between resting ECG and Holter monitoring QTc interval duration or dispersion and LV wall thickness, end-diastolic dimension or LV mass in general. The only echocardiographic value correlating with ∆QTc and ∆QT at rest was aortic root diameter. As shown before in sedentary and newly diagnosed arterial adult hypertensives, QTd is independently related to aortic strain (P = 0.043) and aortic distensibility (P = 0.037) calculated echocardiographically from the derived ascending aorta diameters [9] . In addition, it was shown that the aorta has an afterload mediated influence on ∆QT, independent from MH [19] . This phenomenon requires further evaluation, especially in athletes with increased aortic root dimensions. [20] . However, we did not reveal any influence of athlete's heart syndrome (including benign MH) on mean and maximal QTc duration in a 24-hour ECG in this study. This viewpoint is consistent with the benign nature of athlete's heart syndrome [4] .
One might suggest that higher duration of mean and maximal QT in athletes with MH can be explained by the manifestation of autonomic influences, taking into account higher levels of 24-hour HRV indexes in these athletes. Moreover, SDNN was positively correlated with maximal QT, but not with mean and maximal QTc, which are clinically significant.
Our study does have limitations. Firstly, both manual and automatic measurement of QT and QTd may be subject to error. Secondly, the study had a relatively small sample size. For this reason, these findings cannot be generalized to the broader community based on this study alone.
CONCLUSIONS
The present study demonstrated that athlete's heart syndrome with 
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